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I. INTRODUCTION
The strong coupling constants among the bottom and charmed mesons with light scalar, pseudoscalar and axial strange mesons are the main ingredients in analysis of their strong interactions. More accurate determination of these coupling constants is needed to better understand the strong interactions among the participated mesons, construct the strong potentials among them and obtain knowledge about the nature and structure of the encountered particles. Experimentally, it is believed that in the production of the charmonium states like J/ψ and ψ ′ from the B c or newly discovered charmonium X, Y and Z states by the BABAR and BELLE collaborations, there are intermediate two body states containing D, D s , D * and D * s mesons (for example, the kaon can annihilate the charmonium in a nuclear medium to give D and D s mesons), which decay to the final J/ψ and ψ ′ states exchanging one or more virtual mesons. A similar story would happen in decays of heavy bottonium. To exactly follow and analyze the procedure in the experiment, we need to have knowledge about the coupling constants among the particles involved.
The strong coupling constants among mesons take place in low energies very far from the perturbative region, where the strong coupling constant between quarks and gluons is large and perturbation theory fails. Hence in the hadronic scale, one should consult to some nonperturbative methods in QCD to describe nonperturbative phenomena. Among the nonperturbative methods, the QCD sum rules approach [1] [2] [3] [4] is one of the most powerful, applicable and attractive one as it is based on QCD Lagrangian and is free of a model dependent parameter. This approach has rendered many successful predictions such as its predictions about the vector mesons [5] [6] [7] [8] [9] . The three point correlation function has been widely used to calculate many parameters of hadrons (see for instance [10] [11] [12] [13] ). The QCD sum rules for some strong coupling constants were derived by means of the three point functions in [14] . In the present work, we investigate various strong coupling constants among bottom (charmed)-bottom strange (charmed strange) mesons with scalar, pseudoscalar and axial vector kaons. Calculation of such coupling constants can help us in understanding the nature of the strong interaction among the participating particles.
In the case of the scalar kaon, we consider the B s − B − K * 0 and D s − D − K * 0 vertices for both K * 0 (800) and K * 0 (1430). Understanding the internal structure of the scalar mesons has been a striking issue in the last 30-40 years. Despite their investigation both theoretically and experimentally, most of their properties are not very clear yet. Detection and identification of the scalar mesons are difficult, experimentally, so the theoretical and phenomenological works can play a crucial role in this regard. In this work, we also calculate the coupling constants g B * s BK and g D * s DK for pseudoscalar K. The next aim in the present work is to consider the vertices B * s − B − K 1 and D * s − D − K 1 for both K 1 (1270) and K 1 (1400) axial states taking into account their mixture.
Experimentally, the K 1 (1270) and K 1 (1400) are the mixtures of the strange members of two axial-vector SU(3) octets 3 P 1 (K 1 states via [15, 16] :
where the mixing angle θ takes the values in the interval 37
• [15] [16] [17] [18] [19] . The sign ambiguity for the mixing angle is correlated with the fact that one can add arbitrary phase to the | K a 1 and | K b 1 . Studies on B → K 1 (1270)γ and τ → K 1 (1270)ν τ lead to the following value for θ [20] :
In the present work, contributing the quark-quark and quark-gluon condensate diagrams as nonperturbative effects, we evaluate the corresponding correlation functions when both B(D) and K * 0 (K)(K 1 ) mesons are off-shell. Note that recently, we have investigated the D * s DK * (892), and B * s BK * (892) vertices for K * being the vector meson in the framework of the three-point QCD sum rules in [21] . Moreover, the following coupling constants have been investigated via three-point and light cone QCD sum rules in the literature: D * Dπ [22, 23] , DDρ [24] , DDJ/ψ [25] , 38, 39] . The outline of the paper is as follows. In section II, introducing responsible correlation functions, we obtain QCD sum rules for the strong coupling constant of the considered vertices. For each of the scalar, pseudoscalar and axial kaon cases, we will calculate the correlation function when both the B(D) and K * 0 (K)(K 1 ) mesons are off-shell. In the case of the K 1 meson, first we will calculate the QCD sum rules for the vertices B *
, then using the relations in Eq. (1), we will acquire the QCD sum rules for the vertices B *
In obtaining the sum rules for physical quantities, we will consider both light quark-light quark and light quark-gluon condensate diagrams as nonperturbative contributions. Finally, in section III, we numerically analyze the obtained sum rules for the considered strong coupling constants. We will obtain the numerical values for each coupling constant when both the B(D) and K * 0 (K)(K 1 ) states are off-shell. Then taking the average of the two off-shell cases, we will obtain final numerical values for each coupling constant. In this section, we also compare our result on g D * s DK with existing prediction in the literature.
II. QCD SUM RULES FOR THE STRONG COUPLING CONSTANTS
In this section, we obtain QCD sum rules for the strong coupling constants associated with the
We start our discussion considering the sufficient correlation functions responsible for the corresponding strong transition involving each K * 0 , K and K 1 mesons when both D(B) and K * 0 (K)(K 1 ) are off-shell. The following three-point correlation functions describe the considered strong transitions:
-for K * 0 off-shell:
• correlation functions corresponding to the D *
where T is the time ordering product, q is the momentum of the off-shell state, p ′ is the momentum of the final on-shell state. We will set the momentum of the initial state as p = p ′ + q. In the vertex containing K 1 meson, we have two correlation functions for both off-shell cases since this meson couples into two interpolating currents η
We will define these couplings in terms of G-parity conserving and G-parity violating decay constants later. The interpolating currents, which produce the considered mesons from the vacuum with the same quantum numbers as the interpolating currents can be written in terms of the quark field operators as following form:
where U stands for unit matrix and u, s, c and b are the up, strange, charm and bottom quark fields, respectively.
According to general philosophy of the QCD sum rules, we calculate the aforementioned correlation functions in two different representations. In physical or phenomenological representation, we calculate them in terms of hadronic parameters. In QCD or theoretical representation, we evaluate them in terms of QCD degrees of freedom like quark masses, quark condensates, etc. with the help of the operator product expansion (OPE), where the perturbative and nonperturbative contributions are separated. The QCD sum rules for strong coupling constants are obtained equating these two different representations through dispersion relation. To suppress contributions of the higher states and continuum, we will apply double Borel transformation with respect to the momentum squared of the initial and final on-shell states to both sides of the obtained sum rules.
First, let us focus on the calculation of the physical sides of the aforesaid correlation functions for example when D(B) meson is off-shell. Saturating the correlation functions with the complete sets of three participating particles and isolating the ground states and after some straightforward calculations, we obtain:
• physical representation corresponding to the D *
where .... represents the contributions of the higher states and continuum, and ǫ and ǫ ′ are the polarization vectors associated with the D * s and K a(b) 1 mesons, respectively. From the above equations it is clear that to proceed we need to define the following matrix elements in terms of decay constants as well as strong coupling constants:
and 0|η
where are zeroth order Gegenbauer moments. In the above equations, the g DsDK *
are strong coupling constants, which we are going to obtain QCD sum rules for them in this section.
Using Eqs. (12)- (16), and summing over the polarization vectors using the
the final physical representations of the correlation functions for each vertices in the case of D(B) off-shell is obtained as:
where to calculate the coupling constants, we will choose the structures p µ and g µν (g µν p
) from both sides of the correlation functions corresponding to the vertices containing the K and K 1 with current η
νν ′ ), respectively. From the similar way, one can easily obtain the physical representations of the correlation functions associated with the K * 0 (K)(K 1 ) off-shell. Now, we concentrate to calculate the QCD or theoretical sides of the considered correlation functions. The QCD representations of the correlation functions are obtained in deep Euclidean region, where p 2 → −∞ and p ′ 2 → −∞ via OPE. For this aim, each correlation function in QCD side is written in terms of the perturbative and non-perturbative parts as:
where i stands for D(B) or K * 0 (K)(K 1 ) and the perturbative parts are defined in terms of double dispersion integral as following: 
where ρ i (s, s ′ , q 2 ) are called spectral densities. In order to obtain the spectral density, we need to calculate the bare loop diagrams (a) and (d) in Fig. (1) for D(B) and K * 0 (K)(K 1 ) off-shell, respectively. We calculate these diagrams in terms of the usual Feynman integrals by the help of the Cutkosky rules, where the quark propagators are replaced by Dirac delta function, i.e.,
. As a result, the spectral densities are obtained as follows:
-K off-shell:
-K 1 off-shell:
where ρ 1 and ρ 2 correspond to the currents η 
and
In the spectral densities, N c = 3 is the color number and we have kept terms linear in m u . Now, we proceed to calculate the nonperturbative contributions in QCD side. We consider the quark-quark and quark-gluon condensate diagrams presented as (b), (c), (e), (f), (g), (h), (i), (j), (k), (l), (m) and (n) in Fig. (1) . Contributions of the diagrams (c), (e), (f), (g), (i), (k), (l), (m) and (n) in Fig. (1) are zero since applying double Borel transformation with respect to the both variables p 2 and p ′ 2 will kill their contributions because of only one variable appearing in the denominator in these cases. Hence, we consider contributions of only diagrams (b), (h) and (j) in Fig. (1) . As a result, we obtain:
where r = p 2 − m νν ′ , respectively. In this step, we equate the physical side in the case of K * 0 and the coefficients of the selected structures in physical sides of K and K 1 to the corresponding QCD sides and obtain QCD sum rules for the considered strong coupling constants. To suppress the contributions of the higher states and continuum, we also apply the double Borel transformation with respect to the variables
. Finally, we get the following sum rules for the considered coupling constants:
nonper ,
where the BΠ nonper represents the double Borel transformation of the non-perturbative part in each case, s 0 and s ′ 0 are the continuum thresholds and the functions f i (s, s ′ ) inside the step functions are determined requiring that the arguments of the three δ functions coming from the Cutkosky rule vanish simultaneously. As a result, we find:
Here, we should stress that the physical regions are imposed by the limits on the integrals and step functions in the integrands in the sum rules expressions. In order to subtract the contributions of the higher states and continuum, the quark-hadron duality assumption in the following form is used:
The double Borel transformation used in calculations is also defined in the following way:
At the end of this section, we would like to mention that using Eqs. (1) and (16), the couplings to K 1 (1270) and K 1 (1400) are obtained in terms of the couplings to the K a(b) 1 as: 
(1 GeV ) = −0.19 ± 0.07 and a
+0.03 −0.17 [15, 20, 40] . The sum rule for strong coupling constants also contain four auxiliary parameters, namely the continuum thresholds s 0 and s ′ 0 related to the initial and final channels, respectively as well as Borel mass parameters M 2 and M ′ 2 . These quantities are mathematical objects, so according to the general criteria and standard procedure in QCD sum rules, our physical results should be insensitive to them. Therefore, we shall look for working regions of these quantities at which the dependence of coupling constants on these auxiliary parameters are weak. The working regions for the Borel mass parameters M 2 and M ′ 2 are determined demanding that both the contributions of the higher states and continuum are sufficiently suppressed and the contributions coming from the higher dimensional operators are small. Our calculations lead to the following working regions common for all cases:
The continuum thresholds, s 0 and s ′ 0 are not completely arbitrary but they are correlated to the energy of the first excited states with the same quantum numbers as the considered interpolating currents. Our numerical calculations show that in the regions (
2 , respectively for the continuum thresholds s and s ′ , our results have weak dependence on these parameters. Here, m i is the mass of initial particle and the m f stands for the mass of the final on-shell state. For instance consider the g Now, we proceed to find the Q 2 behavior of the considered strong coupling constants using the working regions for auxiliary parameters. First, we consider the scalar kaon case for both K * 0 (800) and K * 0 (1430). The strong coupling constant in this case obeys from the following Boltzmann function:
The values of the parameters A 1 , A 2 , x 0 and ∆x for the considered coupling constant form factors are given in Table I . The coupling constants are defined as the values of the form Tables II and III . The final result for each coupling constant is obtained taking the average of the coupling constants obtained from two different off-shell cases. The errors in the numerical results are due to the uncertainties in determination of the working regions for the auxiliary parameters as well as the errors in the input parameters.
0.97 ± 0.02 0.74 ± 0.05 0.85 ± 0.08 In the case of pseudoscalar kaon and D off-shell, the strong coupling constant is well described by the following monopolar fit parametrization:
The value of coupling constant obtained at Q 2 = −m
2.28 ± 0.18 0.53 ± 0.09 1.41 ± 0.21 The result for strong coupling constant of pseudoscalar case and an off-shell K meson can be well fitted by the exponential parametrization
where using Q 2 = −m 2 K , we obtain the result as also presented in the Table (IV) . We also depict the final result for this case taking the average of two above obtained values. This Table also shows the predictions of [30] on g D * s DK as the only existing previously calculated coupling constant among the considered vertices. Comparing our results with that of [30] , we see a good consistency between two predictions.
Similarly, for B * s BK vertex, our result for the pseudoscalar kaon and B off-shell is better extrapolated by the exponential fit parametrization 
and in the K off-shell case by the parametrization 
Using the same procedure as above, we find the values depicted in the Table (V) . In the case of axial vector kaon, the strong coupling constant obey also the same Boltzmann function as the scalar case. The values of the parameters A 1 , A 2 , x 0 and ∆x for coupling constants in this case are given in Table VI . The same procedure as in the scalar and pseudoscalar cases leads to the numerical results for the corresponding coupling constants as presented in the Tables (VII and VIII off-shell are evaluated. The final numerical values have been obtained taking the average of the numerical values obtained from both off-shell cases. In the case of the axial vector K 1 , which is either K 1 (1270) or K 1 (1400), the mixing between these two states have also been taken into account. A comparison of the obtained result on D * s DK as the only previously calculated coupling constant among the considered strong coupling constants has also been made. 
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